Leishmaniasis is a painless chronic skin disease that is caused by the protozoan parasite Leishmania. Due to the importance of this disease and the side effects of chemical drugs, use of drugs of plant origin to treat Leishmaniasis is very important. In the present study, the chemical composition and the anti-Leishmania major activity of the essential oils obtained from Satureja bakhtiarica were evaluated in vitro. The oils were extracted using a Clevenger apparatus and then the chemical composition was analyzed by GC-MS. Promastigotes of L. major were cultured in both N.N.N and RPMI1640 media. GC-MS analysis showed 13 compounds, in which the major components were the phenolic (37.4%) compounds, thymol (22.6%) and p-cymene (19.3%). The essential oil of S. bakhtiarica showed higher activity against L. major than the standard anti-Leishmania drug, glucantime,. Perhaps because of the high concentration of phenolic compounds in the essential oil, all the parasites were killed after 24 hours. The essential oil from S. bakhtiarica is a potential plant drug against leishmaniasis. Further studies are necessary to evaluate this oil in animal models (in vivo) for future drug applications.
Leishmaniasis is an infection caused by protozoan parasites of the genus Leishmania, of which there are more than 20 sub-species [1] . This is transmitted by the bite of the female sand fly. The organism is found in regions of tropical Africa, Central and South America, the Mediterranean, central and East Asia and southern Europe [2, 3] . Leishmaniasis is generally fatal if untreated and its clinical symptoms include mainly intermittent fever, enlargement of the spleen and pancytopenia [4] . Mammals can be infected asymptomatically for long periods, and they often remain chronically infected, even after clinical cure [5] .
In humans, leishmaniasis is divided into three general clinical patterns according to the form of the disease including: cutaneous, visceral and mucocutaneous. Most Leishmania species cause cutaneous leishmaniasis in people. Cutaneous leishmaniasis consists of skin ulcers, which vary in number and are often self-healing [6] . It is usually caused by L. tropica and L. major and by members of the L. mexicana complex and the Viannia subgenus. Depending on the species of Leishmania, ulcers, smooth nodules, flat plaques or hyperkeratotic wart-like lesions may be seen [6] .
There is no vaccine available for leishmaniasis. Moreover, local antibiotic ointments were unsuccessful. However, there are several drug treatments available including oral, parenteral and topical medications for leishmaniasis. Pentavalent antimonials can be used where the parasites are sensitive to these drugs, but resistance is a major problem in some areas [7] . Other drugs such as allupurinol, amphotericin B or liposomal amphotericin B and miltefosine may also be used. Cryotherapy, thermotherapy and curettage have also been employed in some cases [8, 9] . Other treatments include surgical removal of lesions, cryotherapy and measures which have not been fully established as being effective. Thus, it is essential to identify effective strategies to either mitigate or treat the affects of leishmaniasis.
Recently, there is a worldwide popularity and scientific interest to screen plant essential oils [10] . The use of medicinal plants as antibacterial and anti-inflammatory drugs in folk medicine is a practice common in Iran, although in most cases the active principles of the plants are unknown [11] . In recent years, multiple drug resistance in human pathogenic microorganisms has been developed due to indiscriminate use of commercial antimicrobial drugs commonly used in the treatment of infectious diseases. This situation forced scientists to search for new antimicrobial substances from various sources, including medicinal plants.
Satureja (family Lamiaceae) is a genus that is comprised of numerous species growing wild in the Mediterranean area [12] . S. bakhtiarica, an endemic plant and one of the most important of the twelve species of Iranian Satureja, is widely distributed in the southern region of Iran [13] . It has antispasmodic, anti-diarrheal, antioxidant, sedative and antimicrobial properties [14] [15] [16] [17] [18] . So far, no reports are known which have included the anti-parasite effect of the essential oil of S. bakhtiarica on cutaneous leishmaniasis. The aim of this work was to evaluate the anti-Leishmania major activity of S. bakhtiarica under laboratory conditions (in vitro).
The results obtained in the qualitative and quantitative analyses of the essential oil are shown in Table 1 . Thirteen constituents were identified with phenols predominant (37.4%), especially thymol (22.6%) and p-cymene (19.3%).
Promastigote numbers in both the absence (control) and presence of 1% DMSO (100 µL) at different times showed insignificant differences. Figure 1 depicts the mean total number of promastigotes (×20000) after exposure to different concentrations of glucantime ranging from 150 µg/mL to 750 µg/mL at different times. As shown, many parasites were alive even at a concentration of 750 μg/mL. Thus glucantime, even in this concentration cannot kill all parasites. Figure 2 illustrates the mean total number of promastigotes (×20000) after exposure to different concentrations of S. bakhtiarica essential oil ranging from 150 µg/mL to 750 µg/mL at different times. As shown, the essential oil has a significant effect on the number of parasites. It killed parasites even at a concentration of 150 μg/mL during the first incubation times (24-48 h). Thus the essential oil has higher antiparasite effects on Leishmania than glucantime. Plant extracts are extensively used in the traditional medicine of Iran. Essential oils have been used as flavoring agents in food and beverages and, due to the presence of antimicrobial compounds, they have a potential for food preservation [19] . Moreover, researchers have been interested in biologically active compounds isolated from plant species for the elimination of pathogenic microorganisms because of the resistance that has developed to antibiotics [7] . Recently, many studies have focused on the antimicrobial activity of the essential oil and extracts of Satureja species. These studies have revealed that the genus has antimicrobial activity against human, food and plant pathogens [20] [21] [22] due to the presence of phenolic components, such as thymol and carvacrol. A large number of studies have reported that the essential oils of Satureja species are among the most potent essential oils regarding their antimicrobial properties [23] [24] [25] . To our knowledge no data have been published on the biological properties of S. bakhtiarica essential oil and there is no information on its antiparasite activity. Here, the in vitro anti-parasite activity of S. bakhtiarica essential oil against Leishmania and its activity potential were qualitatively and quantitatively assessed.
NPC Natural Product Communications
Our results demonstrated that the essential oil from S. bakhtiarica had a considerably higher effect on parasite survival than glucantime. While glucantime inhibited only 27% of parasites at a concentration of 750 µg/mL, all promastigotes were killed in the presence of the essential oil at this concentration. Furthermore, the essential oil can kill the parasites even at a concentration of 150 μg/mL during the first incubation times (24-48 h), but this was not observed for glucantime. This evidence suggested that the essential oil has higher antiparasite effects on Leishmania than glucantime. The anti-Leishmania property of the oils of S. bakhtiarica is most likely attributable to the phenolic compounds thymol and p-cymene. Further study is needed in order to obtain information regarding the practical effectiveness of S. bakhtiarica essential oil to prevent the growth of L. major, and its use as an anti-parasite agent for infectious diseases in humans.
Experimental
Plant material: Apparently healthy leaves of Satureja bakhtiarica were collected during the flowering period, from the mountain region of Fars Province in Iran and identified by the Department of Botany of the Sari Agricultural University. A voucher specimen was deposited in the Herbarium of Faculty of Agriculture.
Isolation of essential oil:
Air-dried plant material (100 g) was hydro-distilled for 3 h using a Clevenger type apparatus. The essential oils were collected over water, separated and dried over anhydrous sodium sulfate. They were stored in sealed vials at 4-6°C prior to chemical analysis and antimicrobial screening.
Gas chromatography mass spectrometry Analysis:
GC-MS analysis of the oil was conducted using a Hewlett Packard 6890 instrument operating on EI mode and equipped with a 5MS-HP fused silica column (30 m × 0.25 mm × 0.25 µm film thickness capillary columns). Helium (99.99%) was used as the carrier gas at a constant flow of 1 mL/min. The oven temperature was held at 60°C for 1 min, then programmed to 210°C at a rate of 6°C/min, and then held for 10 min. The injector and detector (FID) temperatures were kept at 250°C and 280°C, respectively.
The components of the oil were identified by comparison of their MS with those obtained from authentic samples and/or the NIST/NBS and Wiley mass spectral database. They were also confirmed by comparison of their retention indices (RI) [26] and retention times (RT), either with those of authentic compounds or with published data [27] .
Determination of the toxicity of DMSO (dimethyl sulfoxide) on parasites:
After determining the dry weight of essential oil (0.012 g/mL), different concentrations were prepared in 1% DMSO-PBS Essential oil of Satureja bakhtiarica and its anti-Leishmania activity Natural Product Communications Vol. 7 (1) 2012 135 solution. Before examination, the toxic effect of DMSO solution (previously sterilized by filtration through a 0.45 micron Millipore solvent filter) on parasites was determined. Briefly, parasites were cultured in RPMI medium containing 10% calf fetal serum and then used to make a suspension with approximately 2×10 5 growing parasites per mL of medium. A 24 wells plate was used for examination by adding almost 2 mL parasites suspension to each well. A solution of 1% DMSO-PBS (100 µL) was added to 3 wells, but was not added to the others (control). Finally, the plate was incubated at 25ºC and then, by microscopic examination, the number of parasites per mL of medium was evaluated after 24, 48, 72 and 96 h.
Determination of the effect of essential oil on parasites:
The essential oils were diluted in 1% DMSO-PBS solution and then added to 2 mL culture medium (containing almost 2×10 5 parasites) to obtain net concentrations ranging from 150 µg/mL to 750 µg/mL. Each concentration was run on a plate in triplicate. Finally, the cultures were incubated at 25ºC and then by reverse microscopic examination the number of parasites were evaluated after 24, 48, 72 and 96 h. The effect of the essential oil was simultaneously compared with the same concentration of glucantime (150 µg/mL to 750 µg/mL).
Preparing the culture medium for L. major: The Leishmania major strain was obtained from the Department of Parasitology, Pasteur Institute of Iran. Both NNN and RPMI1640 culture media were used to investigate the effects of the essential oil on L. major. NNN is a biphasic medium in which the solid phase contains microbiological agar, salt and distilled water. Briefly, the culture was made by dissolving the agar in distilled water at boiling temperature and then cooled to 40ºC. After that, rabbit blood (10%) was added to the culture medium, which was transferred into 15 mL tubes for culture. RPMI-1640 is a nutrient medium including 21 types of amino acids, 11 vitamins, and different types of essential elements, glucose, phenol and sulfonate fetalein. Briefly, RPMI-1640 powder was dissolved in HEPES buffer and distilled water, and then filtered using a vacuum pump and filtration system (0.2 micron). Parasites were cultured in NNN medium. After 8-10 days the strains were transferred to a new medium.
Microscopic examination:
After preparing the smears to be able to observe and recognize the parasites, they were treated by Giemsa staining. A magnification of X100 and X400 was used for parasite observation.
